
ft | „ t h i s I s s u e

8
<

ISSN 08354B8X

Darlington TRF

Ontario Hydro's Darlington Trit-
ium Removal Facility (TRF) re-
sumed operation on June 12 after
replacement of piping and compo-
nents in the cryogenic tritium
processing systems.

Operations since the June 12 re-
start had yielded about 7 million
curies of tritium by September 16,
through the processing of 620
megagrams of tritiated heavy wa-
ter at an average tritium concen-
tration of 1 2 curies per kilogram.
The refurbishing operations
which ended on June 12 involved
cutting and replacing compo-
nents and pipework which had
processed high concentration trit-
ium, and were thus heavily con-
taminated on their inner surfaces.
Procedures for decontaminating,
cutting and welding tritium-con-
taminated pipework were devel-
oped and safely implemented by
Ontario Hydro, with negligible trit-
ium uptakes by personnel.

Mart; information: K.im Wong,
CFh TP (set: Contact D;it.tt.
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Deuterium Diffusivity in Beryllium

In early summer, McMaster Uni-
versity published new experimen-
tal data on the diffusivity of
deuterium in beryllium metal.

Accurate data on hydrogen iso-
tope behaviour in beryllium is im-
portant to fusion reactor
designers, since beryllium is at-
tracting interest as a fusion reac-
tor first wall material and as a
neutron multiplier in tritium
breeder blankets. Diffusivity val-
ues would affect the rate of trit-
ium release from the breeder
blanket structure at operating
temperatures, and so affect the
rate of tritium buildup in the struc-
ture.

Diffusivity values previously re-
ported in the literature differ by
orders of magnitude. The values
found in the McMaster experi-
ments are in the upper part of the
range of published values. Bulk
diffusivity was measured for two
grades of beryllium from Degussa
AG: Extra grade (99.8 % Be) and
High Grade (99.0 % Be).

The experimental data from Mc-
Master can be fitted by the follow-
ing equations:

High grade beryllium (99.0 % Be):
D = 8.0 x 109exp(-35.1/RT)m2/s

Extra grade beryllium (99.8 %
Be):
D = 6.7x109exp(-28.4/RT)m2/s

[R is the gas constant, 8.134 x
10 3 kJ/mol.K, and T is tempera-
ture in degrees Kelvin.]

Deuterium permeation through
beryllium wafers was measured
over the temperature range 620 -
775 K, using a gas-driven perme-
ation technique, with deuterium
pressures from 5 x 103 to 1.3 x
104 Pa. A multilayer permeation
model was used to derive bulk
diffusivity values, so as to elimi-
nate the effects of the beryllium's
surface oxide layer, which was
found to be 21 angstroms thick
using Rutherford backscattering
techniques.

The work, supported by CFFTP,
was done by a team led by Prof.
Dave Thompson of McMaster
University's Department of Met-
allurgy and Materials Science.
The McMaster team plans to mea-
sure the diffusivity of hydrogen in
beryllium implanted with helium
atoms.

Further information from Paul
Gierszewski. CFFTP (416)
855 471 7 or Dave Thompson at
McMaster University (416) 525-
9140 ex t. 4932.
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Fusion Studies at
INRS-Energie
Institut national de la recherche
scientifique.
Varennes, Quebec.

The research institute INRS-Ener-
gie has an extensive fusion stud-
ies program. INRS-Energie is a
graduate institute of University du
Quebec, and has a specific man-
date to train fusion scientists.
INRS-Energie is a partner in Cen-
tre canadien de fusion magn£ti-
que (CCFM), and is closely
involved in operations and experi-
ments on Tokamak de Varennes
which is located at CCFM.

Fusion work by INRS-Energie has
three parts:

• Magnetic confinement studies
at INRS-Energie.

• Tokamak de Varennes opera-
tions and experiments.

• Inertial Confinement studies.

This article outlines INRS-Energie
fusion activities in magnetic con-
finement. Inertial confinement
work will be described in a future
issue of FusionCanada.

Magnetic Confinement Studios at
INRS-Energie chiefly consist of:

• Development and scientific ex-
ploitation of plasma diagnos-
tics.

• Materials Research and ion-
solid interactions studies.

• Theoretical studies.

INRS-Energie takes a special inter-
est in studying the tokamak
plasma edge and plasma-wall in-
teractions. Prof. Barry Stansfield
is coordinator of magnetic con-
finement studies at INRS-Energie,
and is also coordinator of the
Plasma-Wall group at CCFM.

Prof. Fernand Rheault, Director of
INRS-Energie: "We have a man-
date to train fusion scientists.
INRS-Energie will welcome en-
quiries from Canadian and foreign
students wishing to pursue gradu-
ate studies in fusion."

The majority of the 44 people in
the Magnetic Confinement group
have integral roles in operations
and experimentation on Tokamak
de Varennes. For example. Prof.
Brian Gregory of INRS-Energie is
Director of Research for CCFM,
and Prof. Jean-Marc Larsen is su-
pervisor of control and data acqui-
sition systems for Tokamak de
Varennes. There are 21 research-
ers, 10 technicians and 13 gradu-
ate students in the group. The
basic studies conducted at INRS-
Energie complement the experi-
mental programs on Tokamak de
Varennes.

Diagnostic instrument a tun

This area is a significant part of
magnetic confinement work. Of
the present 36 sets of diagnostic
instrumentation on Tokamak de
Varennes, 22 were conceived, de-
signed, manufactured and com-
missioned by INRS-Energie.
Interpretation and publication of
experimental data from diagnos-
tics carries a high priority. There
follow a few examples of INRS-
Energie diagnostics projects.

Ultraviolet (UV) radiation analy-
sis. Analysis of UV radiation from
plasma impurities yields data on
transport coefficients and con-
centrations of light impurities. A
recent surprise was the discovery
that the plasma edge strongly
screens the plasma core against
penetration by neon injected at
the edge. A multichannel UV de-
tector is being developed for mea-
suring ion temperature from
Doppler broadening of the spec-
tral lines.

Laser injection of impurities.
INRS-Energie operates, on Toka-
mak de Varennes, a refined ver-
sion of the laser ablation impurity
injector originally built by Jim
Castracane. It is used for measur-
ing the transport of impurity ions
in the core plasma, and in the di-
vertor chambers of Tokamak de
Varennes. Impurity atoms such as
aluminum and silicon (not nor-
mally found in plasmas) are ab-
lated from laser targets mounted
inside the Tokamak vessel. Other
instruments monitor radiation
from these specific ions on their
trajectories in the plasma. Using
the same laser injector, another
INRS-Energie diagnostic monitors
lithium and carbon radiations to
measure electron temperature
and density profiles in the plasma
edge.

Wull Interactions. Good
progress in understanding
plasma-wall interaction proc-
esses has been made with rela-
tively simple diagnostics,
including fast vacuum gauges and
fast mass spectrometers analyz-
ing tokamak gas composition. A
surface analysis station allows
sample coupons to be placed in
the vacuum vessel at a position
equivalent to the chamber wall.
Exposed coupons can be removed
for analysis while the tokamak
vessel is under operational high
vacuum.

Visiblo Spectroscopy Several vis-
ible light spectroscopy diagnos-
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tics have been implemented.
Measurements include:

• effective ion charge ZeM from
visible bremsstrahlung radia-
tion.

• poloidal and toroidal distribu-
tions of hydrogen radiation.

• radiation from light impurities,
by single chord measurements
using telescopes and multi-
chord measurements using TV
cameras, recorded on video
tape for later image analysis.

Langmuir probes. These appar-
ently simple electrode probes
yield information on the radial var-
iations in plasma density, temper-
ature, potential and flow velocity
in the plasma edge. Recent work
suggests that plasma flow veloc-
ity in the outer plasma edge can
have a much larger poloidal
component than previously sus-
pected. An advanced, twelve-
electrode fast-scanning Langmuir
probe, GUNDESTRUP, is being de-
veloped to improve capability in
mapping plasma edge flow veloc-
ity vectors.

Ii .1 I iiiiitur INRS-Energie devel-
oped the test limiter used to posi-
tion replaceable limiter heads,
carrying experimental materials,
in the plasma edge for materials
testing. A technique was devel-
oped for estimating density and
temperature in the edge plasma
contacting the limiter head, by
measuring visible radiation from
titanium atoms sputtered from
TiC-coated limiter heads. In future
experiments, gas will be injected
through the test limiter to mea-
sure particle transport in the edge
plasma.

Neutral beam injector. INRS-£ner-
gie is developing a neutral beam
injector diagnostic for mapping
spatial distribution of impurities
and measuring local current den-
sity. Light emitted in charge ex-
change processes involving
injected neutral helium atoms,
and impurity ions in the plasma,
would be analyzed to map radial
plasma profiles.

Prof. Barry Stansfield. coordina-
tor of Magnetic Fusion studies at
INRS-Energie.

Materials research and ion-solid
interactions.

Basic studies at INRS-Energie in-
clude:

Light ion ranges in fusion maten
als. Experimental studies of light
ion penetration of fusion materials
use the Elastic Recoil Detection
(ERD) technique pioneered by
Prof. Terreault and colleagues in
the 1970s. Studies are mainly of
the penetration of hydrogen, deu-
terium, tritium, helium-3 and he-
lium-4 into beryllium, carbon,
silicon, carbides and borides. The
future emphasis will be on micro-
structural changes and particle
channelling in materials. INRS-En-
ergie is equipped to carry out
depth profiling of tritium in materi-
als.

Hydrogen behaviour in fusion ma
terials. Experiments investigate
implantation, saturation and de-
sorption of hydrogen and deute-
rium implanted in refractory
materials with low atomic num-
bers. Particular attention is paid
to the binding energy and state of
bonding (chemical, physical
traps, bubbles). Investigative
methods include laser desorption
of hydrogen from materials, elec-
tron microscopy and ERD tech-
niques.

Thermomechanical and micro-
structural properties of coatings
and composites. Thermal shock
behaviour and microstructure of
carbide coatings are studied, in
collaboration with the Industrial
Materials Institute (IMI) in Bou-
cherville, Quebec. Three test lim-
iter heads, coated with titanium
carbide at IMI, were exposed to
plasma in Tokamak de Varennes
last year.

Conditioning and coating Tech-
niques. Plasma-deposited thin
film coatings (carbon and boron)
are characterized by advanced
surface analysis techniques.

Principal scientists in diagnostics
development and exploitation and
in plasma wall interactions are:
Claude Boucher, Brian Gregory,
Francois Martin, Royston Painter,
Guy Ross, Robert St-Jacques,
Barry Stansfield and Bernard Ter-
reault. Prof. Terreault coordinates
the plasma wall interactions
studies.

Theoretical Studies.

Particular interests include:

a Refined modelling of the
atomic physics of plasma proc-
esses. Richard Marchand is
contributing to development of
the Braams B2 plasma edge
model.

u A 2D fluid model for the plasma
edge in limiter mode including
the effect of biasing (Kan
Parbhakar).

hn'hrr information on magnetic
t untmement studies: Contact
Hii,in Gregory, flurry Stunsfivlfi.
a Ifanmni Terrcijult (See Contact
D.iUi).
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New Results:
Confinement Research at
U. Saskatchewan.
Recent theoretical work at Uni-
versity of Saskatchewan has
found interesting correlations be-
tween observed confinement be-
haviour in operating tokamaks,
including the Joint European
Torus (JET) and others, and theo-
retical predictions made by Prof.
Akira Hirose and coworkers.

Energy and particle confinement
performance in research toka-
maks has traditionally been anom-
alous; that is, considerably
different from predictions based
on plasma theory as presently un-
derstood. In particular, two
plasma characteristics are poorly
understood:

• anomalous electron thermal
diffusivity; refers to unexpect-
edly rapid thermal energy loss
from a plasma.

• anomalous inward pinch; re-
fers to the as yet unexplained
drift of ions and electrons to-
ward the centre core of toka
mak plasmas, a mechanism
often required to simulate a
steady-state tokamak dis-
charge.

Hirose and coworkers have devel-
oped a theory which may shed
some light on these two anoma-
lies.

Tokamak plasmas can support
many forms of microturbulence,
characterized by magnetic and
density fluctuations. The theory
of Prof. Hirose indicates that:

• a tokamak discharge is linearly
unstable against a high fre-
quency (thus short wave-
length) electromagnetic drift
mode;

• the non-linear consequence of
this instability, or microturbu-
lence, has characteristics that

may account for the anoma-
lous energy loss and the anom-
alous inward particle drift.

For the predicted instability, the
microturbulence has a character-
istic frequency spectrum in the
range of hundreds of kilohertz to a
few megahertz for typical ohmic
discharges. Such high frequency
density and concurrent magnetic
fluctuations have recently been
identified in several tokamaks [1].

The instability is most active in
the wavelength regime of
k l = <»WC- T h e existence of such
instabilities has been suspected
[2], but not theoretically demon-
strated before [3], according to
Hirose. The Saskatchewan group
used the theory to make esti-
mates for the anomalous electron
thermal diffusivity Xe, and the
particle flux in tokamak plas-
mas, with satisfactory results
so far. For example, the accom-
panying graph shows a compar-
ison of the Xe predicted versus
that inferred from JET data for
an ohmic discharge with no aux-
iliary heating [4]. Agreement
can be seen in magnitude and
radial profile of X«. The predicted
electron thermal diffusivity has
also been tested against TFTR
ohmic data [51 (S. Hiroe, Oak
Ridge) with satisfactory agree-
ment.

Some other interesting points of
the theory are that the predicted
Xe is proportional to the local
safety factor q and to the ion
acoustic speed. Therefore, the
observed favourable depen-
dence of global energy confine-
ment time on plasma current
and ion mass may also be ex-
plained by the theory. This work
was supported by the Natural
Sciences and Engineering Re-
search Council of Canada. Data
from other tokamaks will be
compared with the theory in the
coming months. These results
were reported at the 13th IAEA
Int. Conf. on Plasma Physics
and Controlled Nuclear Fusion
Washington, Oct. 2-6.

X,
m2/s

From JET experimental data "

Theoretically predicted

4 r(m) 8

JET minor radius (ml

[1] v.v. Bulanin et al., Sov. J. Plasma
Phys. J5, 147(19891.
[2] T. Ohkawa, Phys. Lett. 67A, 35 (1978)
[3] Y.Z. Zhang et S.W. Mahajan, Comm.
Plasma Phys. Controlled Fusion 2J_ 243
(1988)
[4] D.F. Duchs et al., IAEA Kyoto Conf.,
vol. 1, p. 32511986)
[5] Base de donnees preparee par D.W.
Johnston (PPPL).

More information: Akira Hirose
(306) 966-6414, FAX (3061
9666400.

Points of recent interest arising
from CFFTP programs include the
folio wing items.

Tritium System for U.
Rochester
CFFTP has delivered to University
of Rochester, New York, a tritium
system for filling microballoon ICF
laser targets for laser fusion re-
search. The system, delivered in
July this year, will be used to fill
plastic or glass microballoon laser
targets, diameter about 1 mm,
with a 1:1 ratio deuterium-tritium
(D-T) gas mixture. The targets will
be irradiated by the OMEGA Nd:
Glass laser at U. Rochester Labo-
ratory for Laser Energetics. Each
microballoon will hold up to five
millicuries of tritium as a D-T gas
mix at pressures up to 2,200 psia
(15,000 kPa). Maximum system
tritium inventory is 10,000 Cu-
ries. CFFTP was the prime con-
tractor for providing this system;
design work was done by

Continues on back page
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Divertors in
Operation on
Tokamak de
Varennes.

The double-null divertors on Toka-
mak de Varennes became opera-
tional on September 5th, 1990.
The Tokamak is now able to
sustain repeatable divertor-con-
trolled discharges. As Fusion-
Canada goes to press, the
Tokamak team is experimenting
with divertor operations including
plasma biasing through divertor
plates and Iimiters.

When the divertors were first
brought into operation, plasma
loop voltage (an indicator of
plasma impurity content) was re-
duced to 1.8 volts from the 2.8
volts observed shortly before in
limiter mode. The divertors seem
to be successful in retaining impu-
rity ions in the closed divertor
chambers, thereby significantly
reducing particle recycling into
the core plasma. By September
6th, divertor discharges of 0.8
seconds had been obtained at cur-
rents of 150 kiloamps. Divertor
discharges are stable. The fast
horizontal position control sys-
tem, based on a pair of coils inside
the vacuum chamber, is also func-
tioning; plasma position is being
held within 2 mm for a plasma
with a 27 cm minor radius.

By mid-October, it is planned to
begin plasma exposure, on the
test limiter head, of boronized car-
bon samples manufactured in
Japan and supplied through Yoshi
Hirooka of University of California
at Los Angeles.

Man: information: Rt.<i- ih\ ost<:

or Brian Gregory, CCI 1 7 ••'>'< •<• (.'on

tni:t D.it.i)

Lower rtiverior in operation on Tokamak de Varennes during divertor-controlled
discharges. These photos show the separatrix of the lower divertor, in tokamak
discharges # 8754 (above) and If 8755 (below). One sees the plasma edge encircling
the inner, lower divertor coil. In these video-processed images, the null point can just
be discerned. The three divertor coils are clearly seen. Images by Will Zuzak, INRS-
Energie.



Continued from inside
Wardrop Engineering (Missis-
sauga, Ont.) under CFFTP direc-
tion.

More information: Allan Meikle,
CFFTP (4 16) 855-4 724 (see Con-
tact Data).

Technology Transfer

The position of Manager-Technol-
ogy Transfer Projects was created
at CFFTP, as part of CFFTP strat-
egy to further encourage industry
participation in building the fusion
technology infrastructure in Can-
ada. Objectives of CFFTP's tech-
nology transfer effort include:

• Promoting use of fusion tech-
nologies in non-fusion applica-
tions.

• Enhancing the two-way techni-
cal and scientific exchange be-
tween fusion and non-fusion
communities.

• Using non-fusion applications
to test and refine technologies
for fusion use.

The approach recognizes that full
application of fusion technologies

in commercial fusion power
plants will not occur for some
time. Successful employment of
fusion technologies in non-fusion
applications could expand the de-
velopment of industrial capability
in fusion technologies in the
nearer term.

More information: Nick Market-
tos, Manager Technology Trans-
fer Projects, t'Jf IP (4 16)
855-4703 (sue Contact Data)

CFFTP Annual Report
The CFFTP Annual Report for
1989/90 was released in August;
it is available on request. The Re-
port summarizes progress in
CFFTP technical programs:
Blanket and First Wall; Fusion Fu-
els Systems; Safety and
Environment; ITER/NET Design
and Engineering; Technology Ap-
plications. A listing of CFFTP sci-
entific and technical papers is
provided.

For copies of the Annual Report,
contact the Cf I II' Information
Coordinator (See (Jontut. t Data).

National Fusion Program
Director, Dr. David P. Jackson

The National Fusion Program (NFP) co-
ordinates and supports fusion develop-
ment in Canada. NFP was established to
develop Canadian fusion capability, in
industry and in research and develop-
ment centres. NFP develops interna-
tional collaboration agreements, and
assists Canadian fusion centres to par-
ticipate In foreign and international proj-
ects.

NFP is managed for Canada by Atomic
Energy of Canada Limited. Federal fund-
ing is provided by the Department of
Energy, Mines and Resources through
the Panel on Energy Research and De-
velopment.

'FusionCanada' Bulletin
'FusionCanada' is available free to inter-
ested persons. It is published four times
each year, in French and English editions.
Write to NFP Office, 'Bulletin Subscrip-
tions' (see Contact Data). Please specify
French or English edition, (or both if
desired), and number of copies if several
are required.

Editors are invited to freely use or reprint
items from 'FusionCanada'. Please credit
'FusionCanada' and National Fusion Pro-
gram of Canada. Please also send to the
NFP office a copy of the publication, or a
proof or copy of the printed piece.

Contact Data
National Fusion Program

National Fusion Program
AECL Research
Chalk River Laboratories
Chalk River, Ontario
Canada KOJ 1J0
Telephone 1613) 584-3311
Program Office: ext. 3174

Or. David Jackson
Director - National Fusion Program
ext. 3175

Dr. Charles Daughney
Manager - Magnetic Confinement
ext. 3247

Dr. William Holtslander
Manager- International Program
ext. 3241

Dr. Gilbert Phillips
Manager - Fusion Fuels
ext. 4321
Fax:16131584-4243

Ce Bulletin est aussi
disponible en francais

CCFM
Centre canadien tJe lusion m,ii]nC't!i|'.ie

CCFM
1804, montee Ste-Julie
Varennes, Quebec
Canada J3X 1S1

Dr. Richard Bolton
CCFM Director-General
(514)652-8701

Dr. Real Dgcoste
CCFM Director-Operations
1514)652-8715

Dr. Brian Gregory
CCFM Director-Research
(514)652-8729

Secretariat: (514) 652-8702
Fax: (514) 652 8625

CFFTP
Canadian Fusion Fuels Technology Project

CFFTP
2700 Lakeshore Road West
Mississauga, Ontario
Canada L5J1K3

CFFTP Program Manager
Dr. Donald Dautovich
(416)855-4700

Reception: (4161 8230200
Fax: (4161 823-8020

FustonCiinada Office

Macphee Technical Corp.
Suite 300
980 Yonge Street
Toronto, Ontario
Canada M4W 2J5

Telephone: (416) 925-3117
Fax:(416)925-2809

INRS Energie

INRS-£nergie
1650 montee Ste-Julie
Varennes, Quebec
Canada J3X 1S2

Dr. Fernand Rheault
Director, INRS-F-nergie
(514)468-7706

Dr. Barry Stansfield
Coordinator, Magnetic Confinement Studies
at IIMRS-Energie: (416)468-7735
at CCFM: (416)652-8735

Dr. Bernard Terreault
Coordinator, Plasma Wall Interactions
at INRS-F.nergie: (4161 468-7711
at CCFM: (4161 652-8725

Secretariat: (514) 468-7700
Fax:(514)468-7702


